LINC-NIRVANA will realize the interferometric imaging focal station of the Large Binocular Telescope. A double Layer Oriented multi-conjugate adaptive optics system assists the two arms of the interferometer, supplying high order wave-front correction. In order to counterbalance the field rotation, mechanical derotation for the two ground wave-front sensors, and optical derotators for the mid-high layers sensors fix the positions of the focal planes with respect to the pyramids aboard the wave-front sensors. The derotation introduces pupil images rotation on the wavefront sensors: the projection of the deformable mirrors on the sensor consequently change. The proper adjustment of the control matrix will be applied in real-time through numerical computation of the new matrix. In this paper we investigate the temporal and computational aspects related to the pupils rotation, explicitly computing the wave-front errors that may be generated.
INTRODUCTION
The foreseen interferometric imaging focal plane of the Large Binocular Telescope 1 (LBT) will be realized by the LINC-NIRVANA instrument. LINC-NIRVANA (The LBT INterferometric Camera and Near IR/Visible Adaptive INterferometer for Astronomy) 2-4 is a near-infrared Fizeau interferometer for the LBT and will combine the light from the two 8.4 m primary mirrors into one single focus. The two primary mirrors are mounted on a common alt-azimuthal mount with a center-to-center separation of 14.4 m. In order to compensate for the atmospheric distortions of the incoming wavefront and to maintain a zero optical path difference (OPD) between its two arms, LINC-NIRVANA will use a Multi-Conjugate Adaptive Optics 5, 6 (MCAO) system 7, 8 implementing the Multiple Field of View 9 version of the Layer Oriented 10, 11 technique and a fringe-tracker. 12, 13 Since the coherent combination of the light happens in the focal plane, LINC-NIRVANA will have a very large, compared to Michelson interferometers, field-of-view of 10 ′′ ×10 ′′ . In particular the MCAO system uses as wave-front sensor a multi-pyramid system covering a Field of View (FoV) of 6 ′ . The resulting Point Spread Function (PSF) is the combination of a 8.2 m PSF modulated by the fringes corresponding to the 14.4 m separation of the two primary mirrors (8.2 is the corresponding primary dimension vignetted by the secondary mirror, which is the pupil). The diameter of the larger Airy disk is given by α Airy = 1.22λ/D, with the single telescope diameter D. In contrast the separation of the fringes depends on the separation b of the two primary mirrors is given by α f ringes = 1.22λ/b. The angular resolution in the image thus corresponds to a 22.8 m telescope in the projected direction connecting the two primary mirrors and of an 8.2 m telescope in the perpendicular direction. By combining several images, each taken at a different paralactic angle and thus orientation of the fringes on the sky, the full angular resolution in all directions can then be reconstructed using deconvolution algorithms.
14 LINC-NIRVANA will be capable of obtaining diffraction-limited images in the wavelength range from J to K band. 15 With a pixel scale of 0.005 ′′ /pixel for Nyquist sampling of the fringes in J-band, the field-of-view is essentially limited by the size of the detector to 10 ′′ ×10 ′′ . LBT is a double adaptive telescope in which the standard static secondary mirror 16 is replaced by an high order adaptive secondary mirror controlled by 672 actuators. The instrument is mounted on the telescope and it sees the field rotation typical of alt-az systems. Since the focal plane rotates with respect to the pyramids system LINC-NIRVANA provides the derotation of the field at the level of the Wave-Front Sensors (WFSs). In this way the pupil is rotated, therefore the projection of the adaptive secondary mirror changes on the WFSs. In this paper we study the effect of this rotation on the performance and propose the best strategy to solve the problem.
ADAPTIVE OPTICS ON LINC-NIRVANA
The LINC-NIRVANA Fizeau interferometer takes advantage of the MCAO correction to enlarge the isopistonic patch size and to increase in this way the sky-coverage of the fringe tracker sensor. The MCAO system will be the first realization of the Multiple Field of View version of the Layer Oriented concept. The latter has been successfully proven on sky by the ESO Multiconjugate Adaptive Optics Demonstrator 17 (MAD) in 2007. In MAD the correction was applied by a couple of Deformable Mirrors (DM) mounted on the instruments bench (at the Nasmyth of the VLT): to correct for field rotation an optical derorator rotated the field before the DM. In this way the projection of the DM on the wavefront sensors was fixed. On LINC-NIRVANA (see Figure 1 ) two (couples of) different multi-pyramid sensors sense the turbulence being conjugated at the ground layer (Ground Wavefront Sensor, GWS) and to the high layers (MidHigh Wavefront Sensor, MHWS). While GWS mechanically rotates to counterbalance field rotation the MHWS is mounted after a K-mirror optical derotator. In this way the focal plane projection of the field is kept fixed with respect to the pyramids. The side effect of those movements is the rotation of the pupil image on the wavefront sensors: the projection of the actuators controlling the deformable mirrors shape rotates on the pupil plane projected on the wavefront sensing CCD (both the adaptive secondary mirror and the deformable mirror on the bench), loosing in this way the coupling between sub-apertures and actuators. Here we produced an error budget-like analysis of this effect in order to identify the best strategy for correcting it.
THE MEASUREMENTS
The First Light Adaptive Optics 18 (FLAO) system for the LBT is using a pyramid wave-front sensor and the Adaptive Secondary (AdSec) mirror. 19 In a certain sense the configuration used is similar to the Ground Layer wavefront sensor system of LINC-NIRVANA. The differences between the two systems stay mainly in the higher spatial resolution on the pupil sampling of the FLAO (30×30 against 24×24 subapertures) and the number of pyramids (1 vs 12), but what is important here is the different approach to the pupil rotation. The sensing system of the FLAO is mounted on a board in the Acquisition, Guiding and Wave-front (AGW) sensing unit 20 on one of the bent-Gregorian foci of LBT. The AGW optically rerotates the pupil on the wave-front sensor using a small copy of the K-mirror mounted on the LINC-NIRVANA bench. In the FLAO case the pupil is kept fixed with respect to the CCD array. The FLAO was recently mounted on the LBT telescope and performed successfully on sky operations: the calibration of the system is performed day-time using a retroreflector which allows the pupil reimaging on both the AdSec and on the pyramid wave-front sensor. We allocated time to measure the effect of the pupil rotation in closed loop using such as configuration. The AdSec was both generating the turbulence (applying a moving phase) with a corresponding seeing of 0.8 ′′ and wind speed of 15 m/sec and applying the correction using 400 and 153 Karhunen-Loève (KL) modes respectively in binning 1 (30×30) and 2 (15×15). We measured on the InfraRed Test Camera 21 (IRTC) the closed loop Strehl Ratio H-band values as a function of the derotation error applied by clocking the K-mirror on the board. We preferred to use a lab-like setup with respect to perform measurements on sky in order to have similar atmospheric condition for all measurements and in order to avoid extra-derotation errors which may be introduced by the wobble and run-out of big rotator flange that mounts the AGW. While a full rotation of the flange corresponds to a full rotation of the pupil, for the K-mirror rotator in the wave-front sensing board of AGW this corresponds to two. We measured the effect for two different binnings of the wave-front sensing CCD. In fact we expect that low order correction, using less KL modes and larger spatial sampling, is more robust than the higher one, being the rotation effect visible at the edge of the pupil affecting the spatial scales domain corresponding to the shift and to structure of the modes smaller than this. Because of time scheduling we had the opportunity to fully test the binning 1 case and to perform only stability test on binning 2. To be noticed that interaction matrix for the FLAO is measured in a position which is optimizing the actuators visibility by the wave-front sensor: because of the different sampling and geometry of the mirror actuators and WFS sub-apertures, respectively on the AdSec and on the wave-front sensing CCD, the mapping is not perfect. Therefore we selected the best pupil position to match as many actuators as possible on the sub-apertures grid, optimizing the number of controllable (visible) modes and reducing the waffle (invisible) ones. This operation is particularly important at Binning 1 and less for decreasing spatial samplings. Results are shown in Figure 2 .
RESULTS AND CONCLUSIONS
The measurements performed at two different binnings of the CCD (Bin1 30×30 sub-ap 400 modes applied, Bin2 15×15 sub-ap, 153 modes applied) show that loop is almost insensitive to angle shifts (of the K-mirror) up to +/-0.3 degrees and can stay closed up to +/-1 degree far from the position on which the interaction matrix has been measured. The maximum speed which the rotators moves (close to Zenith angle) is of the order of 0.05deg/sec. This speed is quite slow and allows to up-load to the AdSec BCU the control matrix which properly takes into account the new angle (the new projection of the pupil on the wavefront sensor). To be underlined that on the BCU on board the AdSec available memory space is enough to save two different control matrices, the one to be instantaneously applied and the one to be used after.
The next step is to evaluate the optimal computational method of the control matrix to be up-load and evaluate the range of applicability of matrix interpolation for this purposes. In fact because of the limited spatial sampling is not always true that all the actuators are seen by the wavefront sensor, therefore since rotation is changing their visibility, the numerical interpolation is not straightforward.
